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Abstract 
Optical remote sensing usually has not enough multi-temporal high resolution images to describe phenology of 
objects for forest mapping in local scale. This paper presents a possibility to improve accuracy of tropical forest 
mapping by combination of optical and microwave images. Study area is located in the southern part of Vietnam. The 
first, ALOS/AVNIR-2 images were used to create the forest map, then ALOS/PALSAR single-polarized and 
dual-polarized images were used to improve the accuracy of the classification result by a combination model. 
ALOS/PRISM images were also used to make Pan-sharpen images for collecting training data and validation data. 
Discrimination of Planted Forest and Natural Forest is one of the most important purposes of this study. The overall 
accuracy of ALOS/AVNIR-2 classification result is 77.0%, while after combining with ALOS/PALSAR, it is increased 
up to 88.2%. The accuracy is higher than 90% for main forest classes. 
Keywords: ALOS/AVNIR-2, ALOS/PALSAR, Combination model, Planted Forest, Natural Forest 
1. Introduction 
Tropical forests cover large parts of the Earth's land surface. 
These forests hold an enormous biodiversity, and they are 
disappearing at an alarming rate (Nugroho 2006). Deforestation 
is occurring at an alarming rate in developing countries, which 
are the main location of tropical forests. For example, according 
to 2005 report conducted by the Food and Agriculture 
Organization of the United Nations (FAO), Vietnam has the 
second highest rate of deforestation of primary forests in the 
world, second only to Nigeria (Butler and Rhett 2005). 
Meanwhile, forest mapping in the developing countries like 
Vietnam has many problems. The most recent official forest 
map of Vietnam is the Vietnam Forest map 2005. This map was 
produced for the Ministry of Resource and Environment by the 
Forest Inventory and Planning Institute (FIPI) of Vietnam in 
2008 using Landsat E1M+ images 2005. However, this map 
includes many mistakes that are easy to find by visually. 
Monitoring tropical forest frequently on the ground is very 
difficult related to its existence in the complex terrains, large 
areas. Therefore, remote sensing images have been widely 
applied as an important tool for mapping and monitoring tropical 
forest. Forest mapping by remote sensing data already has been 
known by many programs that cover global scale, such as FRA 
2000 by FAO using SPOT Vegetation data, Global Forest 
Mapping (GRFM/GBFM) Program by JAXA using JERS-1 
SAR data and others. Moreover, the broad categories mapped by 
these programs fail to deliver valuable and useful information on 
the variation within the tropical forest environment (Tottrup 
2004). Many other studies of forest mapping using high 
resolution images have been presented in several works, some of 
them used multi-temporal optical images (Rahman et al. 2005, 
Tottrup 2004, Foody et al. 2003, Helmer et al. 2000). But, 
collecting good multi-temporal images of high-resolution 
satellites for tropical regions in one year cycle is very difficult or 
impossible because of the presence of the cloud and long repeat 
cycle of satellites. E.g. of using microwave data for forest 
mapping (Almeida-Filho et al. 2009, Ling et al. 2008, Claude et 
al. 2007, Fransson et al. 2007, Sgrenzaroli et al. 2002, Takeuchi 
et al., 2000), microwave data can be used to analyze some 
characters of forest, specially that microwave data· is very useful 
for studies about forest cover change detection and forest fire, 
due to its effective characteristics that can penetrate the surface 
in different conditions of the· weather. In spite of that using only 
microwave data to make a complete forest map has many 
limitations. The principal uses of radar will be to map forest 
structure and moisture, this information is largely 
complementary to that obtained by optical techniques (Dobson 
and Craig 2000). However, the studies about combination of 
optical and radar images for forest mapping is not so many, 
some of them about using synergism of SAR and optical data 
for land use classification, including some forest types in 
categories table with limited number of forest classes (Kuplich 
2000, Juha et al. 2000). 
ALOS satellite of Japan was launched successfully on 
January 24 2006. It has both microwave and optical sensor. With 
high resolution (-lOm), this data will be very useful for land 
studies including forest studies in local scale. The study of 
combination between optical and microwave data also becomes 
more feasible. Therefore, this study presents a possibility to 
improve accuracy of tropical forest mapping by combination of 
optical and microwave images of ALOS. To support for 
managing reforestation activities and preserving existing natural 
forest, discrimination of Planted Forest and Natural Forest is one 
of the most important purposes of this study. This study will not 
discuss biomass estimation and wood volume estimation, due to 
the lack of ground truth measurement data. 
i. Data acquisition 
The study area of this study is located in the southern part of 
Vietnam. It is covered fully by four scenes of ALOS/AVNIR-2 
or six scenes of ALOS/PALSAR. The ALOS/PALSAR 
single-polarized images were selected closest to 
ALOS/AVNIR-2 images as possible about time (there are no 
dual-polarized images around that time). This selection can 
reduce effects of land cover change when combine them 
together to remove clouds (Roan and Tateishi 2009) and to 
separate between forests and growing paddy/croplands. Table 1 
shows the ief ormation of data acquisition used in this study. 
Table 1. Information of data acquisition 
Datanames 
ALOS/ AVNIR-2 
ALOS/PRISM 
Information 
Four images, date 
2007/01/19, 2007/01/19, 
2008/02/05, 2007/02/05 
Three images in date 
2009/03/28, 2009/03/31, 
2009/03/31 
Six images, three images in 
ALOS/PALSAR date 2007/06/20, the others in 
single-polarization date 2007102119 
ALOS/PALSAR 
dual-polarization 
Vietnam forest 
map2005 
Six images, three images in 
date 2007/06/20 and the 
others in date 2007/07/07 
Produced in 2008 by Forest 
Inventory and Planning 
Institute of Vietnam using 
Lansat ETM+ images in 
2005 
Local topographic Nine pieces in vector format, 
map 2005 scale 1 :50.000 
Spatial 
resolution 
10m 
2.5m 
6.25m 
12.5m 
50m 
not enough to describe phenology of land cover objects for 
forest mapping. They cannot separate between forests and 
growing paddy/croplands and others. This section will present a 
method for combination of single-temporal ALOS/AVNIR-2 
images and multi-temporal ALOS/PALSAR images for tropical 
forest mapping. 
3.1. Forest classes definition 
The forest classes were mainly determined after visual 
interpretation of the ALOS/PRISM sharpen image, 2.5m spatial 
resolution. In addition, other concerned documents were used as 
references including: National Forest Inventory - Field Manual 
(FAO 2004), Vegetation and Special Vegetation of Forest 
(Vietnamese, Chan and Dung 1992), and the Vietnam Forest 
Map 2005. The initial number of categories visually 
discriminated was 16, but some classes were found very similar 
in digital processing products (by unsupervised classification -
Kmean method). Finally, 11 classes were used for tropical forest 
classification in the study area, in which, there are 5 classes of 
forest as shown in Table 2. 
Table 2: Legend table for tropical forest mapping of the study 
area in southern part of Vietnam 
Class name Color (R, Q B) 
1. Primary forest 
2. Degraded forest 
3.Bamboo 
4. Mixed forest 
5. Planted forest 
6. Shrub & Grass 
7. Mosaic 
8. Paddy/Cropland 
9. Built-up 
10. Wetland 
11. Water 
3.2. ALOS/AVNIR-2 classification 
In normal, forest mapping and land cover mapping :from 
remote sensing images are usually performed using either 
supervised or unsupervised techniques. In classification, there 
are two types of classes that need to be distinguished: user 
classes and spectral classes. User classes are those categories of 
interest that the analysis is actually trying to identify in the 
imagery. In contrast spectral classes are groups of pixels that are 
uniform with respect to their brightness values in the different 
spectral channels of the data. Actually, rarely there is a simple 
one-to-one match between these two types of classes. Spectral 
classes are always more detail than user classes. In this study, to 
3. Methodology determine ability of ALOS/AVNIR-2 images in tropical forest 
In whole the 2007 year, only one-time good quality images of mapping, all main spectral classes were used as training data to 
ALOS/AVNIR-2 were found in the study area. These images are estimate user classes. The first step, unsupervised classification 
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(K _ mean) method was used to divide image to 60 spectral 
classes. Each class of the spectral classes was co~pared with 
PRISM-sharpen image and other reference data like local forest 
map 2005 and Tree-Height map to determine that belong in 
which user class name. Only main spectral classes that are easy 
to determine user class name and cover large areas were used. 
Subsequently, 30 spectral classes were already_chosen. 
One of the most important pmposes of this study is to 
discriminate planted forest and natural forest. However, 
clustering spectral classes of ALOS/AVNIR-2 image using 
K _ mean method was not successful for this prnpose. Thus, 
discrimination will be tried one more time by supervised 
techniques. To separate planted forest and natural forest in 
training data, one simple mask was drawn manually for the main 
locations of natural forest. All planted forests inside of this mask 
were deleted while natural forests outside of this mask were 
converted to a new planted forest class. Single pixel is usually 
error of classification result. In this study, every single pixels in 
training data were removed. Therefore, total of 31 classes were 
used as training data for supervised classification by Maximum 
Likelihood (ML) method to represent for 9 user classes as 
shown in Table 2 without paddy/cropland and built-up area. 
Because paddy/cropland and built-up area are confused totally 
with forests and other land cover types in ALOS/AVNIR-2 
The observed time of the ALOS/ A VNIR-2 images is in the 
growing season of paddy/croplands in the study area. The 
single-temporal ALOS/AVNIR-2 image also cannot separate 
between forests and growing paddy/croplands as shown in 
Figure 2. 
(a) (b) (c) 
Figure 2. Confusion of paddy/croplands and forests inAVNIR-2 
classification result, but that can be separated clearly in 
PALSAR visually, (a) AVNIR-2 image (R-red, G-NIR, B-green), 
(b) classification result, and ( c) P ALSAR image 
In Figure 2( ), the black ellipse is a place of paddy/cropland, 
but in the classification result from ALOS/AVNIR-2 (figure 
2(b)), the paddy/cropland almost was misclassified to planted 
forest, bamboo or other forest types. At the same time in figure 
2(c), the black ellipse (dashed line) is location of forests in 
PALSAR image, they are easy to be separated with the 
image, so they have no training data for supervised classification, . paddy/cropland area in the radar image by visually. In addition, 
they will be estimated later by ALOS/PALSAR data. some other land cover types like built-up area also cannot be 
Figure 1: MLclassificationresultofALOS/AVNIR-2 
Figure 1 shows some examples that Maximum Likelihood 
method also cannot discriminate between planted forest and 
natural forest from the ALOS/ AVNIR-2 image. The region (1) is 
a location of planted forests but there are many natural forests in 
the classification result. On the other hand in the region (2), 
many natural forests was misclassified to planted forest. 
discriminated from others by ALOS/VNIR-2 image, but it can 
be separated easily by ALOS/PALSAR image. 
From the analyses above, it can be concluded that using 
ALOS/AVNIR-2 image (single-temporal) cannot separate 
between planted forest and natural forest, between forest and 
growing paddy/cropland, between built-up area and some other 
land cover types. ALOS/PALSAR data will be used to solve 
these problems. 
3.3. ALOSIPALSAR analysis 
The interest in using radar remote sensing for monitoring 
forest cover raises from the two assets of radar data. The first, 
radar can provide information related to the canopy volume, 
which cannot be collected by other means. The other advantage 
of radars is the possibility to acquire data over areas with 
frequent cloud or haze coverage as tropical regions (Toan et al. 
2001 ). In this study, radar data was used for two main pmposes: 
the first one is to separate forests and growing paddy/cropland 
that cannot be separated by single-temporal optical image; and 
the second one is to discriminate planted forest and natur?-1 forest 
by analyzing structure of forest. 
According to Alvin Wong (Wong et al. 1997), there are four 
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main scattering mechanisms of radar including: "Smooth 
Surface", "Rough Surface", ''Double-bounce" _and ''Vegetation 
Layers". Where, backscatter in the scattering mechanism of 
"Smooth Surface" is the weakest and backscatter in the 
scattering mechanism of "Double-bounce" is the strongest. 
These scattering mechanisms will be used to analyze the 
differences of the interested objects in the next sections. 
3.3.1. Discrimination of planted forest and natural forest 
The main difference of tropical planted forest and tropical 
natural forest is their structure. Tropical planted forest normally 
has only one layer of wood tree and the density of the tree is not 
very high. Conversely tropical natural forest always has more 
than one layer of wood tree, density of the tree is usually very 
high and there are many branches and lianas. According to Thuy 
Le Toan (Toan et al. 2001); main scatterers of tropical natural 
forest are shown in table 3. 
Table 3. Main scatterers of tropical natural forest 
Frequency 
X C L p VHF band 
Mam Leaves, Leaves, Branches Small Branches Trunk 
scatterers Twigs branches &Trunk 
AVNIR-2 images, but boundary of them can be determined in 
PALSAR images visually. Natural forest looks darker and 
planted forest looks lighter. The boundary of them in HH 
polarization image is clearer than in HV polarization image 
(Figure 3). In this study, both polarization HH and HV were 
used to separate between planted forest and natural forest. 
When planted forest or natural forest areas in PALSAR 
images are zoomed in, they are become visible not 
homogeneous regions. They are mixtures of many different dots 
(pixels), in that case, darker. dots (for natural forest) or lighter 
dots (for planted forest) is dominated. Consequently, these 
images cannot be used to classify forest types directly. To solve 
this problem, one filtering method is necessary to get mean 
values of objects and at the same tiine, still keep their boundaries 
well as possible. FROST filtering method - the best suitable-, 
window size 15xl5 was chosen (Lopes et al. 1993, Zhenghao 
and Fung 1994). Then, the dual-polarized image (including HH 
and HV) of PALSAR was classified by unsupervised 
classification Kmean method to 20 classes. These classes were 
labeled to two user classes: natural forest and others. After that, 
every natural forest region that is smaller-than 500 pixels (-5 
hectares) was deleted. Finally, natural forest mask was 
Using ALOS/PALSAR (L-band), in forest, the scattering is completed as shown in Figure 4. 
affected mainly by branches of tree. Meanwhile, number of 
branches is one of the main differences between tr~pical planted 
forest and tropical natural forest. It means that tropical planted 
forest and tropical natural forest can be discriminated together by 
ALOS/PALSAR images in theory. 
Based on the scattering mechanisms, backscatter of tropical 
natural forest with many· branches and lianas is affected mainly 
by the scattering mechanism of "Vegetation Layer". Backscatter 
of tropical planted forest should be stronger with a significant 
amount of the "Double-bounce" scattering mechanism, because 
some radar signals can go through the forest canopy to ground 
and be affected by backscatter of ground and trunks. 
In ALOS images, differences of planted forest and natural 
forest are shown in Figure 3. 
AVNIR-2 PALSAR-HH PALSAR-HV 
Figure 3: Differences of natural forest and planted forest in. 
ALOS images: region (1) is natural forests, region (2) is planted 
forests 
Planted forest and natural forest cannot be separated in 
Figure 4. Natural forest mask (right) derived from 
ALOS/PALSAR dual-polarized images (right), color composite: 
R-HH, G-HY, B-HH 
The mistakes of planted forest and natural forest as mentioned 
in Figure I do not appeared in the natural forest mask. This mask 
will be used in combination model to make final tropical forest 
map in the next section. 
3.3.2. Discrimination of forests and growing paddy/croplands 
ALOS/PALSAR is SAR of L band, long wavelength. 
Paddy/cropland is considered like quite smooth surface by L 
band SAR in any season (Ishitsuka 2007), in this case 
backscatter of paddy/cropland is almost affected by the "Smooth 
surface" scattering mechanism. This reason is due to the 
weakness of backscattering of paddy/croplands in 
ALOS/PALSAR images. Backscatters of forests are in 
"Vegetation Layer" and "Double-bounce" scattering 
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mechanisms as presented in the section 3.3.1. Therefore, 
backscatters of forests should be higher than that of 
paddy/croplands. In this study, ALOS/PALSAR single-polarized 
(HR) images were used to extract the paddy/cropland mask 
because the observed time of the single-polarized images are 
close to the received optical images and also it is enough to 
separate between forests and paddy/croplands. Level slicing 
method was applied to divide the PALSAR images to four 
layers. The built-up class is also one of them. Final result is 
shown in Figure 5, where, blue color is water and no-data, 
green-yellow color is paddy/croplands, red color is built-up area 
and grey color is other. 
Figure 5. Paddy/Cropland mask and Built-up derived from 
ALOS/PALSAS single HH polarization images 
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Figure 6. The combination model ofALOS/AVNIR-2 and 
ALOS/PALSAR images for tropical forest mapping 
In Figure 6, the continuous vectors present for AND condition. 
That means, the parameters at begin of the vectors will be used 
AND function to combine with other parameters. The dashed 
vectors present for OR condition. The parameters at begin of the 
The paddy/cropland and built-up layers will be used as masks vectors will be used OR function to combine with other 
in the combination model to make final forest map. parameters. The dashed vectors will be used in direct 
3.4. Combination model 
The result classified from ALOS/ A VNIR-2 images was used 
as a background image to combine with the natural forest mask, 
paddy/cropland mask and built-up mask derived from 
ALOS/PALSAR images for producing the final tropical forest 
map. This combination was summarized in one combination 
model as shown in Figure 6. 
According to Feilong Ling (Ling et al. 2008), multi-temporal 
ALOS/PALSAR dual-polarization data can create accurate 
maps for forest in flat areas. The capability to map forest in hilly 
regions is still limited. Furthermore, the analyses in this study 
showed a similar result. Therefore, the slope map developed 
conversions only. That means, the parameters at begin of the 
vectors will be used to combine with other parameters only 
when destination has the same class name with original class, e.g. 
converting from Primary F of AVNIR-2 box to Primary F of 
RESULT box, from Bamboo of AVNIR-2 box to Bamboo of 
RESULT box, and so on. 
One example to explain the combination model, from original 
Primary Forest as shown in the box of A VNIR-2 will have three 
destinations presented in the RESULT box: to Primary F when 
the pixel is in natural forest mask OR slope is higher than 10°; to 
Planted F when the pixel is not in natural forest mask; and to 
Paddy/Crop when the pixel is in paddy/crop mask AND slope is 
lower or equal 10°. The order of priority functions is from up to 
from DEM 1 Om resolution was used to remove high slope areas. · down. Other classes were done by similar ways. Figure 7 shows 
In this model, the areas that have slope higher than 10° will be the final tropical forest map. 
kept as ALOS/ A VNIR-2 classification result. 
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Figure 7. The final tropical forest map 2007 
4. Validation and Discussions 
Accuracy assessment always is an important step of forest 
mapping to verify the quality of information that resultant from 
remotely sensed data. In this study, 330 random points were 
selected by PCI software version 9 .1 to validate for 11 classes of 
the categories, averagely, 30 random points for one class. The 
distribution of these points was shown in Figure 8. 
Figure 8. Distribution of330 random points for validation 
point (pixel) was compared carefully with PRISM-sharpen 
image and some other maps like local forest map 2005 and 
Tree-Height map to determine class name which was already 
mentioned in the categories (Table 2). This work was done 
independently with classification steps. This validation database 
was used to assess accuracy for both classification result derived 
fromALOS/ A VNIR-2 image and the final combination result. 
To imagine the difference easily, user's accuracy and 
producer's accuracy of the classification result derived from 
ALOS/AVNIR"'."2 images and the combination result were 
compared together in Table 4 and Table 5. 
Table 4. Comparison table ofUser's accuracy before and after 
combining with PALSAR 
Class name 
[l J Primaty forest 
[2J Degraded Forest 
[3J Bamboo 
[ 4 J Mixed forest 
[ 5J Planted forest 
[ 6J Shrub & Grass 
[7J Mosaic 
[8J Paddy & Crop 
[9J Built-up 
[l OJ Wetland 
[llJWater 
AVNIR-2 AVNIR-2 + 
only 
91.7% 
78.7% 
50.0% 
86.2% 
72.0% 
87.8% 
81.6% 
0.0% 
0.0% 
27.8% 
100.0% 
PALSAR 
91.7% 
88.4% 
72.7% 
87.5% 
91.7% 
91.5% 
84.2% 
81.3% 
100.0% 
62.5% 
100.0% 
Table 5. Comparison table of Producer's accuracy before and 
after combining with PALSAR 
AVNIR-2 AVNIR-2+ 
Class name only PALSAR 
[ 1 J Primaty forest 78.6% 78.6% 
[2J Degraded Forest 90.2% 92.7% 
[3J Bamboo 50.0% 80.0% 
[ 4 J Mixed forest 69.4% 77.8% 
[ 5J Planted forest 88.9% 95.1% 
[6J Shrub & Grass 86.0% 86.0% 
[7J Mosaic 69.0% 82.8% 
[8J Paddy & Crop 0.0% 86.7% 
[9J Built-up 0.0% 100.0% 
[l OJ Wetland 100.0% 100.0% 
[llJWater 100.0% 100.0% 
The results showed that the overall accuracy before 
Currently, the random points are in vector format, but the combination is 77.0%, after combination overall accuracy is 
required database is polygons that cover pixel by pixel of the increased up to 88.2%. 
final tropical forest map. To build this database, the first, the Planted forest almost has only one layer of wood tree and it 
random points were converted to raster pixels based on the pixel looks smooth in ALOS/ A VNIR-2 images, also Bamboo has 
size and image size of the final tropical forest map. Then, these · only one layer, and it looks smooth and light inALOS/AVNIR-2 
raster pixels were converted again to polygons in vector format. images. Actually, planted forest and bamboo are confused 
To set the attributes for.the polygons of database, each random together totally in optical data. That is why the accuracy of 
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bamboo is increased more than that of other forest classes after 
combination, from 50% to 72. 7% for user's accuracy and from 
50% to 80% for producer's accuracy. Outside of confused with 
bamboo, planted forest is also confused very much with other 
types of forest like degraded forest and mixed forest. In addition, 
many paddy/cropland fields become planted forest in 
ALOS/AVNIR-2 classification result. Therefore, accuracy of 
planted forest also increased much after combination, from 72% 
to 91.7% for user's accuracy and from 88.9% to 95.1 % for 
producer's accuracy. Accuracies of paddy/cropland and built-up 
increased very much because they have no training data for 
ALOS/AVNIR-2 classification. Final accuracies ofbuilt-up area 
and wetland maybe not correct because number of validation 
points distributed in these classes is veiy few, only 4 points for 
built-up and 5 points for wetland. Any way, this problem doesn't 
affect so much to prnpose of this study. 
Primaiy forest, degraded forest and mixed forest are natural 
forest, which are usually confused together. Some time, it is very 
difficult to separate between of them even by visual 
interpretation using veiy high resolution images like PRISM 
sharpen images. For forest management prnposes, they could be 
merged together to become one natural forest clas's only. In this 
case, error matrices of main forest classes are shown in Table 6 
and Table 7. 
Table 6. Error matrix of main forest classes before combining 
withPALSAR 
Reference data 
Natural Planted User's 
Classified forest forest Bamboo Total accuracy 
Natural 
forest 92.0% 
Planted 
forest 72.0% 
Bamboo 50.0% 
Total 
Producer's 89.0% 88.9% Accuracy 50.0% 
Overall accuracy of the main forest classes before 
combination is 86.8%. 
Table 7. Error matrix of main forest classes after combining 
withPALSAR 
Reference data 
Natural Planted User's 
Classified forest forest Bamboo Total accuracy 
Natural 
forest 87 100.0% 
Planted 
forest 84 91.7% 
Bamboo 11 72.7% 
Total 
Producer's 
Accuracy 
91 
95.6% 
81 10 
95.1% 80.0% 
Overall accuracy of the main forest classes after combination 
is 94.5%. 
Accuracies of natural forest and planted forest become veiy 
high after combination. That means, combination of 
ALOS/AVNIR-2 and ALOS/PALSAR images in order to 
separate between natural forest and planted forest shows a good 
result, in the other hand ALOS/AVNIR-2 image has some 
limitations in discrimination of primaiy forest, degraded forest 
and mixed forest together. The accuracy of bamboo is still not 
high after combination. Actually, bamboo includes natural 
bamboo and planted bamboo, but they are almost similar 
together. Validation result shows that some time bamboo is 
confused with natural forest, but in some other places it is 
confused with planted forest. So, separating bamboo from other 
forest types is a veiy difficult work. In any case, accuracy of 
bamboo was already increased after combination so much more 
than before combination. That is also a success, however, not 
veiy perfect. 
5. Conclusions 
Using single-temporal optical data like ALOS/AVNIR-2 is 
not adequate to separate between forests and growing 
paddy/croplands, between planted forests and natural forests. 
However, using ALOS/PALSAR single-polarized image are 
sufficient to discriminate between forests and growing 
paddy/croplands, between built-up and others. On the other hand, 
using ALOS/PALSAR dual-polarized images can separate 
between planted forests and natural forests. 
In whole the 2007 year, only one-time good quality images of 
ALOS/AVNIR-2 were found for the study area because of the 
presence of the cloud and the long repeat cycle of satellite. 
Collecting multi-temporal optical images of high-resolution 
satellites for tropical regions in one-year cycle to describe 
phenology of objects for forest mapping is usually veiy difficult. 
ALOS/PALSAR is not affected by cloud, in one year, it has 
many images. Therefore, combination of single-temporal image 
of ALOS/AVNIR-2 and multi-temporal images of 
.ALOS/PALSAR for tropical forest mapping is a feasible way 
for eveiy year. Tropical forest mapping annually by high 
resolution images becomes possible withALOS data. 
Combination of optical and microwave data of ALOS by a 
combination model can improve the accuracy of tropical forest 
mapping. The accuracy was increased up so much after the 
combination. The final tropical forest map has a high accuracy, 
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especially for forest classes. 
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